7
Trans-Arctic migrations from the Pacific to the Atlantic are not new, and have been 151 described in both invertebrates (e.g., Durham and MacNeil 1967) and vertebrates (e.g., 152
Grant 1986), but never using a relaxed molecular clock relying on as little information as 153 a single fossil and a large multigene data set covering an entire order (Pleuronectiformes). For approximately a million years after the first opening of the Bering Strait, water 179 flowed through the strait in a southern direction, from the Arctic to the Pacific ocean, 180 until the formation of the Isthmus of Panama occurred close to the equator (Berta 2012) . Atlantic in a northern direction through this strait, which is known as the trans-Arctic 187 interchange (Vermeij 1991). Fossil data also show that the Bering land bridge has been 188 exposed and submerged on multiple occasions since the Pleistocene (Gladenkov and 189
Gladenkov 2004). These openings and closings of the Bering Strait could have provided a 190 mechanism for divergence and the evolution of sister taxa (Taylor and Dodson 1994; 191 Väinölä 2003) . 192
Our results also have implication at the family level of flatfish. Further significant 193 global cooling during the Pleistocene resulted in major glaciation events (Zachos et al. 194 2008) that could be responsible for creating barriers that isolated populations. All of the 195 remaining sister taxa in our analysis, who have divergence estimates of less than 2 MYA 196 in our study belong to the family Pleuronectidae (sensu Cooper and Chapleau 1998) . The 197
Pleuronectidae are the predominant flatfish family found in cold and temperate seas of 198
Molecular Dating

289
To assess the impact of the closure of the CAS on flatfish evolutionary dynamics, a 290 second set of partitioned relaxed molecular clock analyses was performed (without the 291 rogue sequences). The timing of the closure of the CAS is estimated to have occurred 292 between 12 and 3 MYA (Duque-Caro 1990; Coates et al. 1992 ; Haug and Tiedemann 293 1998; O'Dea et al. 2016), and we used this time window as a prior to inform the relaxed 294 molecular clock-based phylogenetic reconstructions. The analyses were performed on the 295 same concatenated data set, with the same single fossil calibration, but we also placed a 296 lognormal prior ln(3,1.5), that has most of its mass on the 12-3 MYA window, on the 297 MRCA of each pair of sister taxa (the 'ALL' model). From the initial BEAST analyses, 298 twelve pairs of taxa were selected based on two criteria: (i) being sister species on that 299 initial tree, (ii) with one species distributed in the Pacific and one in the Atlantic ocean 300 (Fig. 2) . Again, two independent MCMC samplers were run each for 100 million 301 iterations, with samples taken every 5000 step. 302
Because these pairs of sister species show a contrasted geographic distribution, 303 having either a southern (equatorial) or a northern range ( Fig. 2) , two additional sets of 304 analyses were performed. In a first set, calibration priors (ln(3,1.5), as per above) were 305 placed only sister taxa that had a geographic range in the southern hemisphere (the 306 'SOUTH' model), while in a second set, identical calibration priors were placed only on 307 sister species with a northern range (the 'NORTH' model). Finally, a set of analyses was 308 performed using no sister taxa calibrations at all (the 'NONE' model). For each analysis, 309 results from the two MCMC runs were combined using LogCombiner after removing an 310 even more conservative burn-in of 50%. The final MAP tree was generated with 311
TreeAnnotator. 312
In an attempt to rank these different models (priors on all sister taxa; only on southern 313 taxa; only on southern taxa; no "CAS" priors), the AICM was computed for each model 314 (Baele et al. 2013 ). These computations were performed in Tracer for each of the four 315 different calibration models, based on 100 replicates. 316
Species distribution data 317
In order to map the distribution of each species of flatfish, we resorted to the Global 318 Biodiversity Information Facility (GBIF: https://www.gbif.org/) database, accessed with 319 the R library rgbif (Chamberlain 2017 ). Up to 1,000 records were retrieved for each 320 species, and plotted on a geographic map based on GBIF observational records. Where 321 needed, species locations were summarized by mean latitude and longitude ( Fig. S4 ). 322
Approximate attribution to a particular ocean was based on species-specific mean 323 longitudes (Atlantic: between 20˚ and 120˚; Indian: 120˚ and -100˚; Pacific otherwise). 324
Availability of Computer Code and Data
325
Accession numbers, sequence alignments, BEAST models (as xml files), estimated 326 phylogenetic trees (maximum a posteriori trees from BEAST), and the R scripts used to 327 plot the figures in this study are available from https://github.com/sarisbro. Northern sp.
